ABSTRACT Habrobracon gelechiae Ashmead (Hymenoptera: Braconidae) was studied as a parasitoid of the obliquebanded leafroller, Choristoneura rosaceana (Harris) (Lepidoptera: Tortricidae) in California pistachio (Pistacia vera L.) orchards. Ovipositional behavior, adult longevity and fecundity, and the effects of temperature on developmental time and survival were determined. Habrobracon gelechiae develops as a gregarious, ectoparasitic idiobiont on late-instar C. rosaceana larvae. At 25ЊC, adult female wasps survived longer when provided honey and water (35.4 Ϯ 4.9 d) or honey, water, and host larvae (34.4 Ϯ 2.4 d) than when provided water (8.9 Ϯ 1.1 d) or no food (5.9 Ϯ 0.8 d). Over the adult lifespan, females parasitized 20.6 Ϯ 2.1 hosts and deposited 228.8 Ϯ 24.6 eggs. The intrinsic rate of increase was 0.24, the mean generation time was 18.15 d, and the double time 2.88 d. At constant temperatures, H. gelechiae successfully developed (egg to adult) from 15 to 35ЊC. The developmental rate was Þt to a nonlinear model, providing estimates of the parasitoidÕs lower (10.5ЊC), upper (36.0ЊC), and optimal (33.3ЊC) development temperatures. Based on a linear model, 155 degree days were estimated for egg to adult eclosion. Temperature-dependent nonlinear model of survival showed similar shape with the model of development rate. The wasp developed under two diurnal temperature regimes, with 31.0 Ϯ 13.3% survival at low (4 Ð15ЊC) and 63.0 Ϯ 11.4% survival at high (15Ð35ЊC) temperature regimes. The results are discussed with respect to H. gelechiae potential as a parasitoid of C. rosaceana in CaliforniaÕs San Joaquin Valley.
The obliquebanded leafroller, Choristoneura rosaceana (Harris) (Lepidoptera: Tortricidae) is native to North America (Chapman et al. 1968 ) and its larvae feed on a variety of crops including pome and stone fruit, small berries, and nut crops (Chapman et al. 1968 , Aliniazee 1986 , Beers et al. 1993 , Li and Fitzpatrick 1997 . In California pistachios, C. rosaceana initially was considered a secondary pest but can cause severe economic losses if left untreated (Rice et al. 1988 , Bentley et al. 2006 . Broad-spectrum insecticides, such as azinphos-methyl and chlorpyrifos, had been used for decades to control C. rosaceana in pome and stone fruit and, as a consequence, numerous researchers report populations of this pest have developed resistance to many of these materials (Reissig et al. 1986 , Carriere et al. 1996 , Lawson et al. 1997 , Waldstein et al. 1999 , Waldstein and Reissig 2000 , Ahmad et al. 2002 , Smirle et al. 2002 , Pree et al. 2003 . For these reasons, pistachio growers sought alternatives to organophosphates. Choristoneura rosaceana control programs include mating disruption (Knight et al. 1998 , Evenden et al. 1999 , Trimble and Appleby 2004 and selective insecticides such as microbial (Li et al. 1995) , insect growth regulators (Sial and Brunner 2010a) , kaolin (Smirle et al. 2007) , and other reduced-risk materials (Sial and Brunner 2010b) .
The use of selective pesticides and pheromone technology may facilitate a better environment in which to integrate biological controls into the crop system (Sarvary et al. 2007 , Jones et al. 2009 ). Numerous parasitoid species have been reared from C. rosaceana in Canada (Barron and Bisdee 1984 , Hagley and Barber 1991 , Li et al. 1999 , Cossentine et al. 2004 , Fernandez-Triana and Huber 2010 , the western United States (Krugner et al. 2005 , Jones et al. 2009 , and the eastern United States (Sarvary et al. 2007 (Sarvary et al. , 2010 . Pogue (1985) reported 11 hymenopterous parasitoids from C. rosaceana and other leafroller species collected from shelterbelts in Wyoming. Vakenti et al. (2001) found 18 parasitoid species associated with C. rosaceana on wild and cultivated trees in British Columbia. Wilkinson et al. (2004) recovered 20 hymenopteran and dipteran parasitoids reared from C. rosaceana in Michigan apple (Malus domestica Borkh.) orchards. From these different records, nearly 50 para-sitoid species have been reared from C. rosaceana in North America, distributed among Braconidae, Eulophidae, Ichneumonidae, Pteromalidae, Tachinidae, and Trichogrammatidae. Parasitoid species composition and abundance varied among regions and crop systems, as well as their suppression of C. rosaceana populations, although the latter was not always reported. Biological factors accounting for these differences may include regional differences in climate, host plants, and natural overwintering mortality of host and parasitoids (e.g., Wilkinson et al. 2004 , Krugner et al. 2007 , Pfannenstiel et al. 2010 .
In 2001Ð2004 surveys in California pistachios, parasitoid species reared from C. rosaceana included Macrocentrus iridescens (French) (Braconidae), Habrobracon (Bracon) gelechiae Ashmead (Braconidae), Goniozus sp. (Bethylidae), Spilochalcis sp. (Chalcididae), Trichogramma platneri Nagarkatti (Trichogrammatidae), and Nilea erecta (Coquillett) (Diptera: Tachinidae) (K.M.D. et al., unpublished data). Macrocentrus iridescens was often the most abundant species in these collections, but M. iridescens seemed not to be an effective biological control agent for C. rosaceana in CaliforniaÕs San Joaquin Valley, in part, because of high temperature intolerance of the parasitoid in comparison with its host (Krugner et al. 2007 ). Most pistachio production in CaliforniaÕs San Joaquin Valley is located in regions with hot (Ͼ35ЊC) summers that often limit parasitoid establishment or increases in their population sizes with respect to host densities. Habrobracon gelechiae also was collected in the earlier (2001Ð2004) surveys and accounted for higher levels of parasitism in later surveys (2006 Ð2008), accounting for Ͼ70% parasitism of C. rosaceana collected near harvest-time (SeptemberÐOctober) (K.M.D., unpublished data). Habrobracon gelechiae is a polyphagous parasitoid, attacking over 30 different lepidopteran host species (Summerland 1937 , Clausen 1978 , Marsh and Carlson 1979 . It is native to North America and has been introduced as a biological control agent for the pink bollworm, Pectinophora gossypiella (Saunders), in Pakistan (Ahmad and Muzaffar 1976) and California (Legner and Medved 1979) , and for Phthorimaea operculella (Zeller), worldwide (Clausen 1978) . Other common hosts found in North America include the oriental fruit moth, Grapholita molesta (Busck); the grape leaffolder, Desmia funeralis (Hü bner); the fruittree leafroller, Archips argyrospila (Walker); and the Nantucket pine tip moth, Rhyacionia frustrana (Comstock) (Summerland 1937, Marsh and Carlson 1979) .
Although H. gelechiae attacks a number of important pest species, little is known about its biology and we could Þnd no published reports with respect to the biological control of C. rosaceana. Most literature concerning H. gelechiae biology is from India, where the parasitoid was used in augmentative release programs for the pink bollworm (Puri and Sangwan 1972, Ahmad and Muzaffar 1976) . To determine the potential of H. gelechiae as a biological control agent of C. rosaceana, we investigated the parasitoidÕs ovipositional behavior, adult longevity and fecundity, and the effects of temperature on its developmental time and survival. Temperature plays a vital role in the establishment and success of many natural enemies (Hance et al. 2007, Bowler and Terblanche 2008) . Therefore, we also studied the effect of ßuctuating temperatures near H. gelechiae temperature thresholds on the developmental time and survival to more realistically reßect Þeld conditions. Krugner et al. (2005) . Brießy, the diet was made with dry lima beans (Phaseolus lunatus L.) that were soaked in a 0.4% bleach solution for 2 h, rinsed with tap water, mixed with 1,600 ml of hot water, and then blended for 1 min in a 4-liter blender (Waring Products, Torrington, CT). Separately, agar was dissolved in a 2-liter ßask with 1,600 ml of water by heating and stirring. The blended beans, dissolved agar, and remaining ingredients (see Krugner et al. 2005) were blended for 1 min and then poured into 30-ml plastic rearing cups (Bio-Serv, Frenchtown, NJ). Neonate larvae emerging from C. rosaceana eggs were used to inoculate the rearing cups (four larvae per cup) containing the artiÞcial diet. Larvae were transferred to new diet cups as necessary; however, most reached the pupal stage without needing to be transferred, typically after 20 d. Pupae were collected and placed in groups of 30 Ð50 individuals in the organdy-screened holding cages (Bug Dorm2; BioQuip, Rancho Dominguez, CA), which were provisioned with a fructose-water (1:9) solution supplied in a 20-ml glass vial via a 12-cm cotton wick for food for the emerging adult moths. Square pieces of wax paper (100 cm 2 ) were placed in the holding cages as a substrate for egg deposition, which began 1 d after adult eclosion. Every 4 d, the wax paper squares with eggs masses were removed and replaced with clean squares.
Materials and Methods

Insect
The H. gelechiae colony was maintained on C. rosaceana larvae from the insectary colony; the colony was held in a separate insectary room with similar conditions as described previously. Adult wasps were placed in sleeve cages (1,600 cm 2 ), with organdy-sided wall on three sides, and provisioned with honey-water (1:1) streaked on the glass top and the fructose-water solution described previously. Late-instar C. rosaceana larvae were removed from the diet cups, placed into folded squares of tissue paper (25 cm 2 ), and exposed to H. gelechiae adults for a 3Ð 4 d inoculation period. During the rearing, exposure time, host density, or both were adjusted as needed to get Ͼ80% parasitism of the exposed host larvae. Habrobracon gelechiae is an ectoparasitic idiobiont, and parasitized C. rosaceana were easily recognized and transferred to clean holding cages without diet and held for the emergence of adult wasps.
Oviposition Behavior and Offspring Development. Late-instar C. rosaceana larvae were placed in a large (10-cm-diameter by 2.5-cm-high) petri dish that was modiÞed with an organdy screened hole (20 mm in diameter) on the top for ventilation. A female parasitoid was introduced into a petri dish that contained a late-instar C. rosaceana larva and the processes of host location and oviposition were observed and recorded. Parasitized C. rosaceana larvae were held in the petri dishes and observed daily to record parasitoid development. Direct observations were made using a stereomicroscope (Nikon SMZ800; Nikon, Tokyo, Japan). In addition, adult parasitoid behavior and egg and larval development were photographed through the microscope (Nikon DS-U2 photographic system, NIS-Elements Software). During the trial, temperature was at room condition (25 Ϯ 2ЊC).
Adult Female Longevity. Upon adult eclosion, 60 H. gelechiae females were held with males for 2 d to allow mating. The females then were isolated separately in small petri dishes (5 cm in diameter by 1 cm in height) and placed in an incubator (model I-36VL; Percival ScientiÞc Inc., Perry, IA) at 25 Ϯ 1ЊC with a photoperiod of 18:6 (L:D) h. The females then were assigned randomly to one of four food treatments: 1) no food or water; 2) streaked honey but no water; 3) streaked honey and water; or 4) honey, water, and a late-instar C. rosaceana larva. Thereafter, each parasitoid was checked every 1Ð2 d with food, water, and C. rosaceana larvae replaced as needed for each corresponding treatment. Fifteen females were observed for each treatment, and the trial continued until all adult females had died.
Fecundity. Newly-emerged (Ͻ2 h after adult eclosion) female and male H. gelechiae were paired and isolated in large petri dishes, each provisioned with three late-instar C. rosaceana larvae and a small streak of honey:water (1:1). The petri dishes were placed in the incubator at 25 Ϯ 1ЊC with a photoperiod of 18:6 (L:D) h. Every 2Ð3 d, the C. rosaceana larvae were checked under a stereomicroscope, and when H. gelechiae eggs were present on any of the moth larvae, the parasitoids were transferred to a freshly provisioned petri dish and the parasitized moth larvae were held to rear the parasitoid offspring. This process was repeated throughout the lifespan of the female parasitoid. If the male parasitoid died before the female during the Þrst 15 d of the trial, it was replaced with a fresh male. The number, sex, and developmental time (egg to adult) of the offspring were recorded. Twenty-Þve female H. gelechiae were tested.
From these data, standard life and fertility table parameters were calculated, including net reproductive rate, intrinsic rate of natural increase, mean generation time, and doubling time (Ricklefs 1990) .
Constant Temperatures. Temperature-dependent developmental time and survival for immature (eggpupa) H. gelechiae were measured at 13 constant temperatures (12, 13, 14, 15, 17, 22, 25, 28, 30, 32, 34, 35 , and 36ЊC) in incubators (Percival or VWRÕs Diurnal Growth Chamber, model 2015; VWR International, Randor, PA). Each incubator temperature also was monitored using a data logger (HOBOS; Onset Computer Corp., Bourne, MA), and was within a variation of Ϯ 0.4ЊC of each temperature treatment. Humidity was Ϸ50 Ð75% RH with a photoperiod of 16:8 (L:D) h for all treatments.
To begin, late-instar C. rosaceana larvae were exposed individually to a single experienced (4 Ð 6 d-old) female H. gelechiae for 24 h in a small petri dish (5 cm in diameter by 1 cm in height) at room conditions (25 Ϯ 2ЊC). We found that this exposure period helped control clutch size, resulting in Ϸ80% parasitism. The number of eggs on each parasitized larva was counted under a stereomicroscope, and the parasitized larvae were assigned randomly to a temperature treatment. Thereafter, parasitoid development was checked daily in the higher temperature treatments (Ͼ17ЊC) and once every 2Ð3 d for lower temperature treatments (Ͻ17ЊC). The developmental time to complete each successive immature stage (egg, larva, and pupa) and survival of progeny were recorded.
For each temperature treatment, one clutch of parasitoid eggs (i.e., one host larva) was treated as a replicate for calculation of the mean percentage of offspring survival, which was calculated for each successive immature stage and from egg to adult. Developmental time was calculated for each individual, with data pooled from all replicates. For each temperature treatment, the number of C. rosaceana larvae tested varied (n ϭ 4 Ð26). The relationship between temperature and percentage survival (egg to adult) was described by a nonlinear model (Briere et al. 1999) :
Where S(T) is the survival rate at temperature T, T L and T U are the lower and upper thermal threshold of survival, respectively, and n and m are empirical constants. Mean percentage survival values were plotted against constant temperature and used as independent variables for curve-Þtting.
Preliminary analyses showed no signiÞcant effect of progeny sex on the developmental time (temperature: F ϭ 17016, df ϭ 11, P Ͻ 0.001; sex: F ϭ 0.32, df ϭ 1, P ϭ 0.574); for this reason, data from both sexes were pooled for the analysis of developmental time. The relationship between the development rate and temperature is typically asymmetrical, and the nonlinear model also was used to describe the relationship between temperature and developmental rate (Briere et al. 1999) :
Where D(T) is the developmental rate at temperature T, T L and T U are the lower and upper thermal threshold of development respectively, and n and m are empirical constants. The operative temperature range, deÞned as the difference between T L and T U , and the optimum temperature, deÞned as the temperature at which the insect develops at its maximal rate, were determined. Data in midrange of the nonlinear development rate model were selected to determine the best-Þt linear lines by analysis of variance (ANOVA) in the linear regression analysis (Davidson 1944) :
Where y is the development rate at temperature x, a is the y-intercept, and b is the slope parameter. The lower development threshold is calculated as Ϫa/b and the thermal constant, in degree-days (DD), required to complete development is calculated as 1/b.
Diurnal Temperatures. A low diurnal temperature regime (4 Ð15ЊC) and high diurnal temperature regime (15Ð35ЊC) were selected to test the effect of variable temperatures on the developmental rate and survival of H. gelechiae, using Percival incubators. Both low and high regimes were set to reach their maximum temperature cycle from 1000 to 1800 hours and their minimum temperature cycle during the remaining hours. The transition between maximum and minimum temperatures required 30 Ð 40 min. Photophase was set at 10 h per day (0800 Ð1800 hours) for the low diurnal temperature regime, whereas the high diurnal temperature regime was set at 14 h per day (0600 Ð2000 hours). These diurnal regimes were selected to reßect winter and summer weather conditions in CaliforniaÕs San Joaquin Valley, based on a 10-yr (2000 Ð2009) average of weather data in Parlier, CA (California Irrigation Management Information System) that showed average minimum and maximum, respectively; winter temperatures were 3.5 and 14.5ЊC (December to February) and summer temperatures were 16.4 and 34.5ЊC (June to August).
In both low and high diurnal temperature regimes, host larvae containing three different developmental stages categories (egg, larva, and pupa) were tested separately. To obtain these age categories, late-instar C. rosaceana were exposed individually to a single female parasitoid in a small petri dish for a 24-h period. The resulting parasitized larvae were assigned randomly to be 1) placed immediately into a diurnal temperature treatment, 2) held at 25ЊC for 2 d for the eggs to hatch and the resulting Þrst-instar H. gelechiae then were moved into a diurnal temperature treatment, or 3) held at 25ЊC for 5Ð 6 d for the H. gelechiae to pupate before being placed into a diurnal temperature treatment. As a control, similar tests were conducted at 35ЊC, the high temperature threshold as determined from the constant temperature experiment. Developmental time and survival were checked daily, as described previously. Each treatment consisted of 16 Ð22 replicates, using each parasitized larva as a replicate.
Statistical Analyses. Data on adult female longevity, fecundity, clutch size, developmental time, and survival are presented herein as means per treatment (ϮSE). Temperature inßuence on developmental rate, survival, and life table parameters were determined using nonlinear and linear models, as described previously. Other treatment effects were analyzed using one-way or two-way ANOVA, and comparisons of means among different treatments were analyzed using TukeyÕs HSD. Arcsine square-root transformation was used to normalize percentage survival data. All analyses were conducted using JMP software (JMP version 8.0.3, SAS 2006, Cary, NC).
Results
Ovipositional Behavior and Offspring Development. When presented different late-instar hosts, female H. gelechiae were observed to preferentially attack hosts that had begun to weave the protective silk net, which made the moth larvae more immobile. The parasitoid Þrst injected venom to paralyze the larva; the envenomation process lasted as short as a few seconds to as long as several minutes. During this time, the adult wasp checked the larva to determine that it was indeed paralyzed and moved along the host body, presumably to determine host size. Afterwards, the wasp laid a clutch of eggs (11.6 Ϯ 0.28 eggs per host, n ϭ 333, range 2Ð27), typically on the ventral side of the host and often where the host contacted the petri dish. The eggs were laid randomly rather than grouped, and often the eggs were near the host. Upon hatching, the neonate larva chewed a hole through the host cuticle and began feeding. Growth was rapid. The wasp larva typically fed on the same location during the development period, but some did move to a new feeding location. Ultimately, the clutch consumed most of the host body, except the head capsule parts, and then pupated near the host remains.
Adult Longevity and Fecundity. At 25ЊC, adult female H. gelechiae longevity was 35.4 Ϯ 0.9 d when honey and water were provided, which was similar to the longevity of adult females provided honey, water, and host larvae, but four and six times longer than adult females provided water only or no food, respectively (F ϭ 30.3; df ϭ 3, 56; P Ͻ 0.001) (Fig. 1) .
Habrobracon gelechiae oviposition began Ͻ2 d after adult emergence and mating, reaching a peak 5Ð 6 d later and then gradually declining throughout the adultÕs lifespan (Fig. 2a) . Pre-and post-oviposition periods were each 1Ð2 d. Clutch size closely followed egg production, reaching a peak from 4 to 6 d after eclosion and then decreasing with increasing parasitoid age (Fig. 2b) . Over the parasitoid lifespan, 20.3 Ϯ 2.0 host larvae were parasitized per female and 227.8 Ϯ 24.4 eggs were deposited per female. Immature survival was high (91.8%), with 208.4 Ϯ 23.8 offspring produced of which 35.4 Ϯ 2.7% were females. The percentage of female offspring was near 50% during the peak oviposition period, and then declined sharply, to Ͻ10%, after the adult parasitoids were 20 d or older (Fig. 2b) . Net reproduction rate was 79.31.
The estimated intrinsic rate of natural increase was 0.24. Mean generation time and double timing were 18.15 and 2.88 d, respectively.
Constant Temperatures. Survival rates of H. gelechiae eggs, larvae, pupae, and total immature development were signiÞcantly affected by temperatures (egg: F ϭ 27.9; df ϭ 14, 188; P Ͻ 0.001; larva: F ϭ 18.2; df ϭ 13, 142; P Ͻ 0.001; pupa: F ϭ 2.3; df ϭ 11, 124; P ϭ 0.015; egg to adult emergence: F ϭ 40.3; df ϭ 14, 243; P Ͻ 0.001) ( Table 1) . At the constant temperatures tested, H. gelechiae developed from egg to adult from 14 to 35ЊC. No eggs hatched at 36ЊC and no larva survived at Ͻ13ЊC (Table 1) . Egg survival was similar from 14 to 35ЊC, whereas larval survival rate signiÞ-cantly decreased at 35ЊC or higher and at 14ЊC (Table  1) . The pupal emergence rate was high (Ͼ73%) at all temperatures that permitted survival. Overall, survival from egg to adult Þrst increased and then decreased with increasing temperature, and the relationship between the survival rate and temperature is well described by the nonlinear model (F ϭ 45.3, df ϭ 3, 12; P Ͻ 0.001; r 2 ϭ 0.938) (Fig. 3a) . Developmental rate of the parasitoid increased with temperature from 14 to 34ЊC and then decreased slightly at 35ЊC (Table 2 ). The temperature-dependent developmental rate is well described by the nonlinear model (F ϭ 250.3, df ϭ 3, 12; P Ͻ 0.001; r 2 ϭ 0.988) (Fig. 3b) . The estimated lower and upper temperature thresholds and optimum temperatures were 10.5, 36.0, and 33.3ЊC, respectively. The linear regression estimate of the lower threshold temperature and thermal requirement (DD) were 11.9ЊC and 155.4 DD, respectively. At a constant 25ЊC, the developmental times for egg, larva, and pupa were 1.7 (n ϭ 53), 4.3 (n ϭ 53), and 5.7 d (n ϭ 51), respectively, or 14.5, 36.7, and 48.7% of the entire immature development period, respectively.
There was a large within-treatment variation in the percentage of emerged female adults in each temperature treatment; consequently, no signiÞcant difference in the sex ratio was found among the different temperature treatments (F ϭ 1.0; df ϭ 11, 119; P ϭ 0.493) ( Table 1) . Diurnal Temperatures. When the different H. gelechiae immature life-stage categories (egg, larva, and pupa) were exposed to low (4 Ð15ЊC) and high (15Ð 35ЊC) diurnal temperature regimes and a critically high constant temperature (35ЊC), there was higher larval than pupal mortality at the low diurnal temperature (F ϭ 3.3; df ϭ 2, 52; P ϭ 0.044), but no difference in the survival rate among life stage categories at the high diurnal temperature (F ϭ 0.4; df ϭ 2, 57; P ϭ 0.647) or high constant temperature (F ϭ 1.0; df ϭ 2, 37; P ϭ 0.369) (Fig. 4a) .
At the low diurnal temperature regime, 12% of the H. gelechiae eggs survived to the adult stage, which was signiÞcantly lower than when the exposures were initialed in the larval or pupal stages (F ϭ 22.2; df ϭ 2, 52; P Ͻ 0.001) (Fig. 4b) . Similarly, survival to the adult stage was lower when the parasitoids initially were exposed in the egg stage than the larval or pupal stages in the high diurnalÐlow temperature regime (F ϭ 6.7; df ϭ 2, 57; P ϭ 0.004) and the high constant temperature (F ϭ 7.4; df ϭ 2, 37; P ϭ 0.002) (Fig. 4b) . No difference in the percentage of adult females emergence was found, regardless of the developmental stages at which the parasitoids were exposed, for the low (F ϭ 1.8; df ϭ 2, 37; P ϭ 0.18) and high (F ϭ 1.2; df ϭ 2, 50; P ϭ 0.31) diurnal temperature regimes, and the high constant temperature (F ϭ 1.3; df ϭ 2, 37; P ϭ 0.281) (Fig. 4c) .
Discussion
Parasitoid species reported to attack C. rosaceana varies considerably across the pestÕs North American range (e.g., Pogue 1985 , Rice et al. 1988 , Brunner 1996 , Cossentine et al. 2007 , Sarvary et al. 2010 ). To our knowledge, H. gelechiae has not previously been listed as a key natural enemy of C. rosaceana and has been more commonly associated with the pink bollworm (Puri and Sangwan 1972 , Ahmad and Muzaffar 1976 , Legner and Medved 1979 . Here, we showed that H. gelechiae has a number of desirable characteristics as a natural enemy of C. rosaceana in warm-climate regions, such as CaliforniaÕs San Joaquin Valley. For example, Krugner et al. (2007) showed M. iridescens had one generation to each C. rosaceana generation, requiring at least 36.5 d to develop from egg to adult (at 26ЊC). In comparison, we showed that H. gelechiae had a relatively short generation time, completing development in just 7.1 d at 34ЊC and 11.7 d at 25ЊC (Table 1) , and having a mean generation time of 18.1 d. The faster development results in 2Ð 4 generations to each C. rosaceana generation.
Habrobracon gelechiae does have a limited daily fecundity (10 Ð 40 eggs, Fig. 2 ), similar to many idiobiont ectoparasitoid species where adult females produce large, yolk-rich eggs (Quicke 1997) . However, the -specific survival (percentage) and sex ratio (percentage, female adults) (Fig. 2 ). Life expectancy of female H. gelechiae was signiÞcantly increased when provided with food ( Fig. 1) , similar to related braconids (Sime et al. 2006 , Sivinski et al. 2006 . With food and water, we found life-time reproduction on C. rosaceana was 278 eggs per female (Fig. 2) . This was actually lower than the 646 eggs per female with 46 d adult longevity (at 24ЊC) reported for H. gelechiae on pink bollworm (Ahmad and Muzaffar 1976 ). These same researchers reported H. gelechiae fecundity was affected by host species; for example, without food provided, adult females laid 421 eggs on the pink bollworm and only 23 eggs on the yponomeutid moth, Pray acmonias Myer. The difference in lifespan egg production may be affected by host size, host quality, or even host feeding. Bracon hebetor Say has long been reported to host feed (Hagstrum and Smittle 1978), and although we did not observe H. gelechiae to host feed, there was a decrease in egg deposition and percentage of female offspring as the adult wasp aged (Fig. 2) . Sex ratio can be affected by a number of factors in gregarious parasitoids, including host size, competition, and clutch size (Quicke 1997) ; however, in this study the parasitoids were isolated and provided an unlimited access to hosts. Therefore, the low number of female offspring from older females likely was caused by a lack of sperm in the spermatheca (males were not replaced after 15 d).
Our particular interest was to identify the realistic temperature range that may affect the geographic distribution and abundance of this potentially important parasitoid. Habrobracon gelechiae had a wider temperature range ( Fig. 3; Table 2 ) than that reported for M. iridescens, which had a calculated upper temperature threshold of 34.3ЊC (Krugner et al. 2007) . Although H. gelechiae failed to develop into adult at constant low temperatures Ͻ13ЊC (Table 1) , the calculated low temperature threshold was 10.5ЊC (Fig. 3) and it survived under a low temperature diurnal regime of 4 Ð15ЊC (Table 1) , which more realistically reßects winter Þeld conditions in CaliforniaÕs San Joaquin Valley. This suggests that the parasitoid may successfully overwinter, even slowly developing, when mean winter temperatures are near the lower threshold. We also tested high-temperature diurnal regime of 15Ð35ЊC, but showed no difference in survival between this ßuctuating temperature and a constant 35ЊC (Table 1) . We suspect that our selected high-temperature diurnal regime did not pressure H. gelechiae temperature tolerance and that the wasp population could survive a much higher diurnal temperature regime.
Both theoretical and empirical evidence suggests that temperature tolerance often declines in more advanced life stages, in part, because insects become more mobile (Bowler and Terblanche 2008) . Eggs or pupae therefore are expected to be more thermalresistant than larvae. We found that age-related variations in temperature tolerance differed slightly among immature H. gelechiae stages (Fig. 4) . At the lower temperature regime (4 Ð15ЊC), larval survival rate was lower than egg or pupal survival. Across all data sets, H. gelechiae pupae appeared to be most coldor heat-resistant of the immature stages, suggesting that the parasitoid would most likely overwinter in this more tolerant state. Although not a designed part of the experiments, we note that the growth of mold on host larval tissues in low temperature treatments, where H. gelechiae required Ͼ40 d to complete development, was a cause of mortality. Similarly, host decay at high temperature extremes was a cause of H. gelechiae mortality: 57.1% of host larvae began to decompose after a 2Ð3 d exposure at a constant 35ЊC, and parasitoid larvae were unable to survive on these decaying hosts. Parasitoid development is dependent on host quality (Quicke 1997) ; however, the level of dependence may differ with idiobiont ectoparasitoids that kill their hosts at oviposition, or shortly after, and the cadaver must remain viable throughout the parasitoidÕs development to the pupal stage. Coping strategies include a rapid consumption of host tissue to shorten larval development period (Quicke 1997 ), which appears to be used by H. gelechiae that has a short egg and larval period compared with the pupal developmental time.
Habrobracon gelechiae was known to be an ectoparasitic idiobiont that preferentially attacks late-instar leafrollers. In nature, leafroller larvae often roll or fold leaves to create a shelter, and we observed C. rosaceana larvae wiggled vigorously backwards to escape parasitism. That H. gelechiae, under our laboratory conditions, most commonly attacked the host after it had formed the protective web, often entering the silk web, may be a behavioral adaptation to this host defense. The wasp is also known to be polyphagous and the ability to attack alternate host species in the agroecosystem may be important for sustained presence in the agroecosystem. We found H. gelechiae can develop from several lepidopteran species, including the light brown apple moth, Epiphyas postvittana (Walker); the European grapevine moth, Lobesia botrana (Den. & Schiff.), which recently invaded California; and Amyelois transitella (Walker), which is commonly found in California pistachio and almond (Prunus dulcis [Mill.] D.A. Webb) orchards. Moreover, the temperature tolerance and fecundity data presented herein suggest H. gelechiae is a thermophilous parasitoid that will perform well at warm ambient temperatures, such as those found in most pistachio regions. Moreover, H. gelechiae has the potential as a natural enemy for use in augmentation programs because its relatively high fecundity, short generation time, and wide temperature tolerance, renders it particularly suitable for mass production.
